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(54) Rolling bearing 

(57) A rolling bearing including a rolling element 
made of steel is provided. The rolling element has a 
hardness of 620 to 750HV in its interior. The rolling ele- 
ment is so constructed that the hardest point may exist 



within a depth of 1 0% of its diameter from a rolling con- 
tact surface of the rolling element, and that the hardness 
at this point is made higher by 20 to 150HV than the 
hardness in the interior. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a rolling bearing including a rolling element made of steel, and adapted to 
be used under severe conditions such as high temperature, high speed, high load, high vibration, in for example, a 
vehicle alternator of an engine auxiliary equipment, a compressor for a vehicle air conditioner, a water pump, etc. 
[0002] As the rolling bearing of this type, the applicant has already proposed a rolling bearing having a rolling element 
composed of a steel ball which is imparted with compression residual stress on its surface (Japanese Publication No 
JP-A-2000-161362 of unexamined patent application). The rolling element of this rolling bearing is produced in the 
following manner. After a semi-finished product having a shape close to a finished product has been formed, the semi- 
finished product is subjected to heat treatments such as annealing and tempering. Then, the heat treated semi-finished 
product is putted into a rotary container and the rotary container is rotated, and therefore, a surface hardening treatment 
is applied to the semi-finished product to impart the compression residual stress. Thereafter, a finishing treatment such 
as polishing is applied to it, thereby obtaining the finished product. 

[0003] However, in the rolling element of the conventional rolling bearing, after distortion had been given to the interior 
by subjecting the semi-finished product to the heat treatments, the surface hardening treatment has been conducted 
to impart the compression residual stress. Accordingly, there has been a fearthat when this rolling bearing is employed 
in a vehicle alternator, exfoliation may occur starting from a stress distorted portion. Moreover, there has been such 
an anxiety that there are variations in degree of the surface hardening treatment, and when the degree of the surface 
hardening treatment is too strong, a surface area of the rolling element may become fragile to shorten its rolling life, 
whereas with too weak degree of the surface hardening treatment, adequate toughness may not be obtained to afford 
sufficient strength against deformation or crush. In particular, in case where non-metal inclusions such as alumina, 
titanium nitride, and spherical carbide having high hardness and high elasticity have large particle diameters, occur- 
rence of fragileness and cracks will be promoted, when the degree of the surface hardening treatment is too strong. 

SUMMARY OF THE INVENTION 

[0004] An object of the present invention is to solve the above described problems and to provide a rolling bearing 
which can enjoy a long life, even though it is used under severe conditions such as high temperature, high speed high 
load, and high vibration. - ■ 

[0005] A rolling bearing according to the first aspect of the invention is the rolling bearing including a rolling element 
made of steel, characterized in that the rolling element has a hardness of 620 to 750HV in its interior, and the hardest 
point exists within a depth of 10% of its diameter from a rolling contact surface of the rolling element, and that the 
hardness at this point is made higher by 20 to 150HV than the hardness in the interior. 

[0006] The reason why the hardness in the interior of the rolling element is restricted to 620 to 750HV is because 
with the hardness lower than 620HV, rolling fatigue life will be decreased not only under severe conditions such as 
high temperature, high speed, high load, and high vibration but also under ordinary conditions for use whereas with 
the hardness higher than 750HV, an impact value will be lowered and the rolling fatigue life will be decreased when 
a shock load is exerted between the rolling element and a bearing wheel under the high speed and high vibration 
conditions. Moreover, the reason why the hardest point exists within the depth of 10% of the diameter from the rolling 
contact surface of the rolling element, and the hardness at this point is made higher by 20 to 1 50HV than the hardness 
in the interior is as follows; Specifically, the surface hardening treatment is applied to the rolling element after the heat 
treatments, enabling the surface hardness to be higher than the interior hardness. Extent of a rise of the hardness 
from the intenor hardness will be varied according to the degree of the surface hardening treatment. In case where 
the extent of the rise of the hardness is large, distortion of the surface will become large, and grating defects introduced 
by the surface hardening treatment will be increased. As the results, there is such an anxiety that exfoliation may occur 
starting from the stress distorted portion. On the other hand, in case where the extent of the rise of the hardness is 
small, there is such an anxiety that an adequate toughness cannot be obtained, and strength against deformation or 
crush dunng production and use may become insufficient. In view of such circumstances, 20 to 150HV has been 
selected as an adequate range of the extent of the rise of the surface hardness from the interior hardness. It is to be 
noted that the rolling element includes both a ball and a roller. 

[0007] According to the rolling bearing of the first aspect of the invention, because the rolling bearing is constructed 
as described above, occurrence of exfoliation in the rolling element can be prevented while the surface of the rolling 
element can be prevented from becoming fragile. As the results, the useful life will be prolonged even when the rolling 
bearing is used under the severe conditions such as high temperature, high speed, high load, and high vibration. In 
addition, the strength of the rolling element against deformation or crush will be improved. 

[0008] The rolling bearing of the first aspect of the invention is produced, for example, in the following manner- 
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Specifically, a semi-finished product having a shape close to a finished product is formed according to JIS SUJ2, and 
the semi-finishedproduct is subjected to heat treatments including annealing and tempering. The annealing is conduct- 
ed by heating it for 30 to 60 minutes to a temperature of 830 to 870°C, and thereafter, by rapidly cooling. The tempering 
is conducted by maintaining it for one or two hours at a temperature of 1 80 to 250°C. In case where the tempering 
temperature is higher than 180°C, stability of composition against fatigue under the high speed and high vibration 
conditions will be improved, but as the tempering temperature is raised, the hardness may be lowered, and there is 
such an anxiety that the rolling fatigue life may be decreased. Thus, an upper limit of the tempering temperature is set 
to be 250°C. Then, the heat treated semi-finished product is subjected to a surface hardening treatment by a cold 
process such as barreling. Thereafter, a finishing treatment such as polishing is conducted thereby to obtain the finished 
product of the rolling element. 

[0009] The rolling bearing according to a second aspect of the invention is characterized in that in the first aspect of 
the invention, the rolling element contains alumina and titanium nitride respectively having the largest diameter of 30u,m 
or less. Provided that the largest diameter of the alumina and titanium nitride is 30ujn or less, occurrence of fragileness 
and cracks can be depressed, even though the degree of the surface hardening treatment is rather strong. 
[0010] The roiling bearing according to a third aspect of the invention is characterized in that in the first or second 
aspect of the invention, the rolling element contains spherical carbide having the largest diameter of 0.5u,m or less. 
Provided that the largest diameter of the spherical carbide is 0.5u.m or less, occurrence of fragileness and cracks can 
be depressed, even though the degree of the surface hardening treatment is rather strong. 

[0011] The rolling bearing of a fourth aspect of the invention is characterized in that in the first, second and third 
aspect of the invention, a tempering treatment is applied to the rolling element at a temperature of 180 to 250°C. By 
conducting the tempering treatment at the temperature of 180 to 250°C, an amount of residual austenite can be de- 
creased, and occurrence of fatigue exfoliation, local change of the composition, minute cracks due to vibration and 
impact can be prevented. In addition, dimensional change of the rolling element while it is used at high temperature 
can be depressed, because the amount of the residual austenite can be decreased. The amount of the residual austen- 
ite is preferably 10% or less, and more desirably, 7% or less, or further 4% or less. 

BRIEF EXPLANATION OF THE DRAWINGS 

[0012] Fig. 1 is a front view of the apparatus for the rapid acceleration and deceleration tests which has been em- 
ployed in the evaluation tests of the examples and the comparative examples. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0013] Specific examples of this invention will be described below with reference to comparative examples. 
Examples 1 to 4 and Comparative Examples 1 to 5 

[0014] A plurality of semi-finished products in a form of ball having a diameter of 3/8 inches have been produced 
according to JIS SUJ2, and then, these semi-finished products have been subjected to an annealing treatment in which 
they are rapidly cooled after heated for 35 minutes at 850°C, and to a tempering treatment in which they are maintained 
for two hours at different temperatures. Then, a plurality of the semi-finished products which had been heat treated 
were put into a rotary drum, and a surface hardening treatment was applied to the semi-finished products by rotating 
the rotary drum at a required rotation speed for a required period. Control of the surface hardness was performed by 
appropriately varying the rotation speed of the rotary drum and the treating period. Thereafter a finishing treatment 
such as polishing was conducted and finished products in a form of ball having a diameter of 3/8 inches have been 
obtained. Then, each of the balls has been cut into halves and hardness at its center part has been measured to obtain 
the hardness in the interior of the ball. Further, after each of the balls has been cut into halves, dispersion of the 
hardness in a radial direction from the surface up to a depth of 1mm has been measured at a pitch of 0.02mm, and 
the highest hardness among values obtained is determined to be the surface hardness. The results are shown in Table 
1 together with the tempering temperatures, the amounts of residual austenite, the largest diameter of the inclusions 
of alumina group, the largest diameter of the inclusions of titanium group (titanium nitride), and the largest diameter of 
the spherical carbide. 

Evaluation Tests: 

[0015] With respect to a test bearing called as a nominal type number 6304 into which the balls of Examples 1 to 4 
and Comparative Examples 1 to 5 had'been incorporated, rapid acceleration and deceleration tests have been con- 
ducted employing a test apparatus for an engine auxiliary equipment as shown in Fig. 1. In Fig. 1 , the apparatus for 
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the rapid acceleration and deceleration tests includes a pulley 2 fixed to a drive shaft 1 which is rotatably driven by a 
motor (not shown), movable bases 3 and 4 which are arranged on both sides of the drive shaft 1 spaced therefrom 
and movable in a lateral direction, helical compression springs 5 and 6 adapted to respectively bias the movable bases 
3 and 4 outwardly in a lateral direction, and fixed shafts 7 and 8 respectively fixed to the movable bases 3 and 4. An 

5 inner ring 9a of the test bearing 9 has been fixed around the fixed shaft 7 of the movable base 3 on the left side, and 
then, a pulley 10 has been fixed around an outer ring 9b. Further, a pulley 11 is provided so as to rotate around the 

^ fixed shaft 8 of the movable base 4 on the right side, and a V-belt 12 has been wound around the three pulleys 2, 1 0, 
and 11 . Load (belt tension) applied on this occasion was set to be 980N. In this state, acceleration from 9000rpm to 
180000rpm for 0.5 seconds and deceleration from 180000rpm to 9000rpm for 0.5 seconds have been repeatedly 

IP conducted. The results are also shown in Table 1 . 
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[0016] As apparent from Table 1 , the useful life of the rolling bearing according to the present invention employing 
the balls in which the interior hardness is 620 to 750H V, the hardest point exists within the depth of 1 0% of the diameter 
from the rolling surface, and the hardness at this point is made higher by 20 to 150HV than the interior hardness has 
become far longer than that of the comparative examples. 



Claims 



1 . A rolling bearing comprising: 

a rolling element made of steel, having a hardness of 620 to 750HV in the interior thereof, wherein a hardest 
point thereof exists within a depth of 10% of its diameter from a rolling contact surface of the rolling element, 
and the hardness at the hardest point is made higher by 20 to 150HV than the hardness in the interior. 

2. The rolling bearing according to claim 1 , wherein the rolling element contains alumina and titanium nitride respec- 
tively having the largest diameter of 30ujti or less. 

3. The rolling bearing according to claim 1 , wherein the rolling element contains spherical carbide having the largest 
diameter of 0.5um or less. 

4. The rolling bearing according to claim 1, wherein a tempering treatment is applied to the rolling element at a 
temperature of 1 80 to 250°C. 
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